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TECHNICAL MEMORANDUM X-64783
FLAMMABILITY OF MATERIALS
IN GASEOUS OXYGEN ENVIRONMENTS
BY
C.F. KEY, J.G. AUSTIN, J.W. BRANSFORD
SUMMARY
The results of test evaluations of a wide variety of materials
and configuration test articles to determine their flammability
characteristics in gaseous oxygen environments are reported.
The test methods and criteria are described in MSFC-SPEC-101B,
"Flammability, Odor, and Offgassing Requirements and Test Procedures
For Materials in Environments Which Support Combustion." The test
requirements of MSFC-SPEC-101B are the same as those in NHB 8060.1,
"Flammability, Odor, and Offgassing Requirements and Test Procedures
For Materials in Environments that Support Combustion."
INTRODUCTION
This investigation was undertaken to support the Skylab Program
and its purpose was to determine the flammability characteristics of
engineering materials in the Skylab habitation environment.
t
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Naturally, the factors to be considered in final selection of any
material are dependent upon the service intended. Selection and evalu-
ation of these factors will vary widely. Thus, it is not feasible to
attempt to provide in this report all of the information necessary
to assess fully the adequacy of a material for specific applications.
However, unless extenuating circumstances exist, this Center w i l l not
approve the use of any materials rated as unsatisfactory unless it
can be shown that the material in its use configuration/application
meets the flammability requirements of MSFC-SPEC-101B or NHB 8o60.1
Since the flammability characteristics of materials are usually
thickness dependent, this Center w i l l normally approve only materials
rated as satisfactory or batch test in their use environments in the
thickness evaluated or in thicker sections. Every effort should be
made to use only non-combustible materials.
DISCUSSION
PLASTICS. ELASTOMERS. ADHESIVES AND CASTINGS - TABLE I
A wide variety of sheet type materials were evaluated for flamma-
b i l i t y in enriched oxygen. The most consistent satisfactory sheet type
materials are highly fluorinated materials and the polyimide plastics.
The variations in flammability characteristics of most organic type
materials with respect to igniters, oxygen concentration, composition
thickness and sample orientation were also studies during this program.
Ignitor Effects - 3 ignitor systems were used to evaluate the
flammability of materials. The first ignitor consisted of an energized
nichrome wire. The second ignitor considered was a nichrome wire with
a paper stick inserted in the coils. The third ignitor consisted of a
nichrome wire coil with a silicone rod inserted in the coil.
The severity of these various ignition sources was evaluated in
a test program by subjecting thirty materials of varying thicknesses
to each of these ignitors in a 6.2 psia 100% oxygen environment. The
materials were all evaluated as sheet materials held in vertical
position and ignitors placed at the bottom. The results of this
study are evaluated in Figure 1.
It is evident that the silicone ignitor is more severe than either
the paper stick or nichrome ignitors. As expected, the paper stick
ignitor is more severe than the nichrome ignitor and less severe than
the silicone ignitor. It is also evident from this study that an in-
crease in sample length is required for evaluation and comparison of
the flammability characteristics of materials.
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Flame Propagation Rates in Various Atmospheres - Figure 2 illustrates
the increased f]ammabi1ity hazard as a function of pressure in 100% 02
It is readily seen that flame propagation rates increase drastically as
pressure is increased.
Effect of Chemical Composition
The flammability characteristics of organic materials are functions
of chemical compositions and thicknesses. Figures 5 and 6 are comparisons
of this effect. Polyethylene is highly flammable, but as fluorine is
introduced into the parent compound, the flammability is reduced (top
ign i t ion).
It is well-known that processing additives and f i l l e r s affect LOX
compatibility of materials; therefore, it is not surprising that these
additives and f i l l e r s affect flammability of materials. Shown in Figure 6
are the variations of flame propagation rates of various polyurethanes with
different cure agents and additives.
Effect of Thickness
The data tabulated in Figure 3 indicate there are basically two
types of materials. One type (cellulose, butyrate, polycarbonates, etc.)
is flammable (100 percent oxygen at 6 psia) in all thicknesses; whereas,
for the other type of material (highly fluorinated and polyimide laminate),
a thickness has been detected at which, for all practical purposes, is
nonf1ammabie.
Sample Orientation
Tabulated in Figure 4 are the results of sample orientation on
flame propagation rates. It is readily seen that the burning character-
istics of materials are affected by the sample orientation.
ELECTRICAL WIRE & POTTING COMPOUNDS - TABLE II
A wide variety of wire harnesses, connectors, and potting compounds
were evaluated in 100% D£ @ 6 2 psi during this program. The most satis-
factory solution to the flammability problem of electrical wire harnesses
and cables is to encase them in metal conduit or use nonflammable cable composites.
Several methods or configurations are used in Skylab to accomplish this.
Listed in Table II are configuration composites of electrical cable that
meets the flammability requirements.
The most satisfactory method of alleviating the flammability hazard
in enriched oxygen of potting compounds is to use double Beta bags as
covers over the potting material. Single Beta bags do not afford pro-
tection from both outside and inside ignition sources.
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CONFIGURATION TESTS - TABLE III
Listed in Table III are configuration tests conducted during this
program. It was impractical to specify nil required information of
these configuration tests; therefore, the Usage Agreement, Test Request,
or P0327, specified for each item should be requested of further informa-
tion is required. Many tests of panels and made-up boards had the
potting material as an important integral unit of component integrity.
The third type (Table I I I ) consists of data on configuration. One
important group of these assemblages are electrical harnesses. A
typical harness configuration would consist of several Teflon insulated
wires (single conductors) 16-20 gauge, shielded, and connected and
potted via appropriate feed-throughs, thence the entire assemblage
encased within fiberglass sleeving. F i n a l l y , the completed assemblage
is contained inside a convoluted tubing of Teflon, or approved equal,
which serves both as protective envelope and flexible container. Com-
plete identification of configuration samples can be obtained from
Materials Division.
The principle ignitor mode for electrical assemblages is the
power overload, per Test No. k and Test No. 5. Assemblages requiring
external ignition sources are ignited in the same manner as the sheet
materials described in MSFC Specification 101-B.
Design of Electronic Black Boxes
Extensive test evaluation of electronic black boxes for flam-
mability hazards was conducted by both MSFC and MSC. This test
evaluation was necessitated by the fact that most materials (conformal
coatings, printed circuit boards, potting compounds, etc.), are highly
flammable in enriched oxygen environments. There are a number of
"do's" and "don'ts" that should greatly reduce the number of configu-
ration tests required for f1ammabi1 ity. They are as follows:
1. Box should be constructed of metal 0.080" or thicker.
2. Box should be designed with compartments such that no
propagation paths exist.
3. Cover should be flange type with screws spaced 1 1/2" apart maximum,
k. Vents or lightening holes in boxes should be restricted to
1/4 inch dia. maximum and 8 in number.
5. Only flame resistant printed circuit board material should
be used .
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6. The test reports listed in this report and those generated
by W.S.T.F. should be used in conjunction with design to
insure proper construction for flammability criteria.
7- Highly flammable materials such as polyurethane foams and
nylon should be kept to a minimum.
8. Design should take into consideration void volume vs flam-
mables used to insure no explosive potential exists.
CONCLUSIONS
The data in this report are p r i m a r i l y the results of test
evaluation conducted in enriched oxygen environments. The extrapo-
lation of these data for use in air environments at 14.7 psia is
permissible with the following guidelines.
1. Any material or material application rated satisfactory or
batch tested in enriched oxygen, would be satisfactory for
use in air at 14.7 psi in the same thickness or in thicker
sect ions .
2. Thinner sections of the materials should be evaluated to
insure they are satisfactory.
3. Many of the materials listed unsatisfactory in this report
may be satisfactory for use in air at 14.7 psia.
As stated earlier, the data listed in Table I through III are specifi-
cally oriented in support of the Skylab Program which utilizes an
enriched oxygen environment (70% Q£ - 30% N2 @ 6 psia). The new
generation of Shuttle payloads w i l l have as their environment, air
at 14.7 psia. Obviously many materials and electronic modules w i l l
meet the flammability criteria in air at 14.7 psia. Materials in
the thicknesses intended for use or thinner which meet the FAA or Under-
writers Laboratories requirements should propose no problems in air
at 14.7 psia from a flammability standpoint. However, these materials
should be evaluated for toxicity and odor.
The information generated from this program should greatly curtail the
test evaluations of black boxes (electronics modules) and provide the
same safety assurance as in Skylab at a greatly reduced cost.
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MATERIAL
Fluorogreen E-600
Fluorogreen E-600
Refse t 3489
Dodge M385-IO
Armalon 95049
Dodge Fibers E-650
L-3217-1
Teflon Coated Aluminum Foil
L-3203-6 Fluorel Elastomer
L-3203-6 Fluorel Elastomer
L-3203-6 Fluorel Elastomer
Mosi te 1059
L-321?
Pyra l in 1037 (Polyimide G l a s s
Cloth)
Pyral ine 1037 " "
20247-3
Micatex Beige
Micatex Blue
Tef lon TFE
Tef lon FEP
Teflon TFE
Duroid 5600 (Ceramic F i l led
Teflon)
Vi ton 238-26-1
Vi ton 238-12-1
Mosite 1077
Paper M42-F
Refset L-3236, S ty le 376/4-1
Refset L-3236, Style 3764-0
Refset L-3236, Sty le 3764-2
Refset L-3236, Sty le 3766-3
THICKNESS,
(INCH)
0.012
0.070
0.008
0.010
0.008
0.060
0.080
0.003
0.032
0. 125
0.068
0.080
0.072
0.037
0.057
0.010
0.003
0.003
0.312
0.250
0.250
0.016
0.075
0.075
0.075
0.002
0.090
0.070
0.058
0.020
RESULTS
Nl CHROME W I R E
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl (1")
SE (1")
SE (1/2")
SE (3")
Nl
Nl
Nl
Nl
SE (1/2" to 2")
Nl
Nl
Nl
Nl
IGNI
S IL ICONE
BC
SE (1/2" to 1")
SE (1-1/2" to 3")
BC
SE (3")
SE (1/2")
BC (3-1/2")
SE (1/2")
BC
SE (1/2")
SE (1/2" to 3/4")
BC
BC
SE (1/2")
SE (1/2")
SE (1/4")
BC .
SE (3")
Nl
SE OA")
Nl
BC (5-3/4")
BC
BC
SE (1-1/2")
BC (3")
SE (3")
BC
BC
BC
ER
PAPER STICK
-
SE (1/2")
SE (1/2" to 1")
SE (4")
SE (2-1/2")
SE (1/2" to 1/4")
BC
SE (1/2")
BC
Nl
SE (1/8" to 1/4")
BC
BC
SE (1/2")
SE (1/4")
Nl
BC
SE (1-1/2")
Nl
SE (1/4")
Nl
SE 3-3/4")
BC
BC
SE (1" to 2")
SE (2")
SE (1/4")
BC (1")
BC
BC
Nl = No Igni t ion
SE = Sel f -Ext inguishing
BC = Burned Completely
Figure 1. Igniter evaluation program
(Bottom ignition, 6.2 psia, 100 percent 02)
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TOP IGNITION
ADIPRENE L-167
BUTYL RUBBER
HYPALON
NARMCO 73^ 3
NATURAL RUBBER
POLYACRYLATE
AIR
SE
SE
SE
SE
SE
SE
POLYURETHANE FOAM SE
PR-1527 SE
5 PSIA
19 in/min
3.2
2.2
12.ii
4.1
3-3
504
18
10 PSIA
26 in/min
6.0
3.1
21.3
5.3
6.3
664
20
13 PSIA
31 in/min
8.2
3.6
26.0
6.2
7.2
1 1 1 0
32
Figure 2. Propagation rate vs. pressure in 100 percent 02.
TWO CLASSES OF MATERIALS (6.2 P S I A 1 OCtf 02)
FLAMMABLE IN ALL THICKNESSES BUT FLAME PROPAGATION RATES INVERSELY
PROPORTIONAL TO THICKNESS.
(1) CELLULOSE BUTYRATE (GENERALLY NON-HALOGENATED)
5 MILS
10 MILS
50 MILS
80 MILS
250 MILS
93 INCH/MINUTE
60 INCH/MINUTE
35 INCH/MINUTE
24 INCH/MINUTE
10 INCH/MINUTE
(2) NON-FLAMMABLE IN CERTAIN THICKNESSES (GENERALLY HIGHLY HALOGENATED)
TEFLON TFE 312 MILS
TEFLON FEP 250 MILS
REFSET-L3236 90 MILS
TEFLON COATED FIBERGLASS 10 MILS
L3203-6 60 MILS
KEL-F 250 MILS
POLY I Ml DE LAMINATES 40 MILS
1. * Top ignition,
2. Bottom ignition
Figure 3. Thickness effects.
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MATERIAL
POLYETHYLENE
POLYVINYL FLUORIDE
POLYVINYLIDENE FLUORIDE
CHLOROTRIFLUOROETHYLENE
TETRAFLUOROETHYLENE
FLUOROETHYLENE PROPYLENE
100% 0? - 6 psia
COMPOSITION
-(CH2 - CH2)N-
-(CH2 - CFH)N-
-(CF2 - CH2)N-
•(CF2 - CFCI)N-
-(CF2 - CF2)N-
-(CF2 - CF2 - CF2 - CF)N-
CF2
FLAME PROROGATION RATE
18 INCH/MINUTE
6 INCH/MINUTE
3.0 INCH/MINUTE
SE
N l
Figure 5. Chemical composition (Top ignition - five mils thick) .
MATERIAL
FOAM (0.500 in)
CPR 20-3 (0.500 in)
URALANE 577-1
PR-1538 (0.188 in)
NARMCO 73^3 (0.188 in)
DYNATHERM D-65 (0.188 in)
FLAME PROPAGATION RATE
INCH/MINUTE
372 INCH/MINUTE
36 INCH/MINUTE
18.6 INCH/MINUTE
12. A- INCH/MINUTE
1 1 .4 INCH/MINUTE
TOP I G N I T I O N - (6 P S I A )
Figure 6. Polyurethanes - flame propagation rates in 100 percent oxygen.
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